Abstract --We investigated event-related brain potential (ERP) modulations of human face perception and recognition using a task where 9 participants monitored a sequence of images for repetitions. The stimuli included images of unfamiliar faces, highly familiar faces (participants' own faces and the faces of friends), and non-face images (flowers). The ERPs showed characteristic early positive (P110) and negative (N170) peaks at both occipital and temporal sites, the N170 amplitude being significantly greater for faces than non-faces and more marked over the right (T6) than the left (T5) hemisphere. While these early components of the ERP did not differ between unfamiliar and familiar other faces, ERPs to familiar faces showed a greater negativity at later time periods (beginning ~330ms). Finally, a comparison of the ERPs to familiar other and to one's own face at central sites showed increased negativity to familiar others between ~330-480ms switching to increased positivity at ~500ms. The impact of this study is a better understanding of the underlying physiology involved in the cognitive processing involved in face recognition. __________________________________________________________________________________________
INTRODUCTION
One of the most important and complex tasks that the human visual system must perform is face recognition. As a result it is not surprising that evidence for face-specific areas in the brain exists. Single cell recordings in primate inferotemporal cortex show cells responsive to both monkey and human faces but not to other complex stimuli [1] . Brain imaging studies [2] report that the midfusiform gyrus is associated with the processing of faces: this region responds preferentially to photographs and line drawings of faces compared to non-face objects. Similarly, reports of a double dissociation between face and object recognition in clinical neuropsychology suggest that different areas of the brain are involved in these tasks. Prosopagnosia describes a specific impairment in face recognition, where, in the most extreme cases, patients are unable to identify familiar faces but show normal recognition for other classes of objects [3] .
If specialised brain mechanisms perform the identification of faces, this should be reflected in face-specific modulations of event-related brain potentials (ERPs). Early electrophysiological studies of face processing include Jeffreys [4] who recorded a positive potential at a 150-200ms latency, which responded preferentially although not exclusively to faces in 8 out of 9 subjects tested. The potential was best recorded over midline central and parietal sites and evoked by face stimuli, including photographs, line drawings and fragmentary figures. Changes such as face inversion, reversing contrast polarity of photographs and selectively removing facial features produced a marked increase in latency but no change in amplitude. Allison et al [5] , using subdural electrodes, found a negative face-specific component with a latency of about 200 ms (the N200) in the left and right fusiform and inferior temporal gyrus. Later scalp recordings experiments [6] , [7] & [8] showed a negative face-specific component at lateral occipital and temporal sites which is now known as the N170 and a positive component over fronto-central sites slightly later, presumable corresponding to the positive component identified in Jeffreys' early study. Eimer [8] reports a difference in an early positive component (P110) for faces and non-faces, but this difference was confined to occipital sites suggesting that it reflects perceptual differences rather than differences in face-specific processing.
Although these ERP studies provide support for the idea of specific face processing mechanisms in the brain, it is not clear, which processing stages are reflected by the various modulations of the ERPs. Models of face recognition such as the one by Bruce and Young [9] propose an early 'structural encoding' stage and a later 'face recognition' stage, a distinction supported by recent electrophysiological studies. Bentin et al [6] obtained the face-specific N170 for both upright and inverted faces as well as for isolated eyes and concluded that the N170 reflects processes that respond to facial features rather than to configuration. Later studies such as [7] found similar N170 for faces with and without eyes (though the latter did have proper configuration) suggesting that it is the structure of face rather than features per se that are processed in this early encoding stage. If the N170 represents early facial structural encoding rather than face recognition processes, this component should not be affected by the familiarity of a face. In [10] , Bentin and Deouell found no effect of familiarity on N170 but increased negativity for familiar faces in the N400 time range and suggest that this later modulation may reflect face identification processes in the brain. Eimer [8] similarly reports no discernable difference in the N170 for familiar versus unfamiliar faces but found an increased negativity to familiar faces between 300ms and 500ms (N400) followed by an increased positivity to familiar faces beyond 500ms (P600). These findings are not without controversy; Roisson et al [11] failed to find any differences in the late ERP for unfamiliar and for newly learned familiar faces, which presumably do not activate the same semantic and perhaps affective processing as the familiar celebrity faces used in the other studies.
In summary, discriminating familiar from unfamiliar faces is crucial to successful social functioning and the human brain performs this task effortlessly. Although the theoretical distinction between early structural encoding and later recognition of faces is supported by both ERP and by recent MEG research [12] , the question of where and when the brain performs this task remains unanswered.
II AIM
The primary aim of this study was to provide further insight into when and how face identification processes (both early and late) affect ERP waveforms. ERP waveforms are critical in providing neurophysiologists with temporal information on the cognitive processes involved in face recognition. A second objective of the study was to investigate whether the processing of one's own face and other familiar faces might be distinguished by different ERP components. On the basis of data from a single 'split-brain' patient, Turk et al [13] propose a dissociation in face processing such that opposite hemispheres of the brain are dominant for the recognition of one's own face (left brain) and other faces (right brain). There is now evidence for this dissociation in the normal population [14] , and the proposal is also supported by fMRI research showing that self-face processing involves activation in left prefrontal cortex not seen in the processing of other faces [15] .
III SUBJECTS AND METHODS
ERPs were recorded from subjects when they were presented with familiar faces (participants' own faces and the faces of friends), unfamiliar faces, and nonfaces (flowers).
a) Participants
Nine volunteers participated in the experiment (mean age:26; one female). All reported normal or corrected-to-normal vision. Data from one of the subjects was excluded due to excessive eye blinking.
b) Stimuli and Apparatus
Participants were seated in a dark electrically shielded room, 60cm in front of a computer screen, with their hands resting on a keyboard. The stimuli included photographs of familiar and unfamiliar faces, and high-resolution images of flowers downloaded from the Internet. The familiar faces were photographs of the subjects and their friends. All faces were photographed with a Fuji Finepix 4900 Zoom® camera at high-resolution against a neutral background and with overhead lighting. Subjects looked directly at the camera for a frontal view and assumed a neutral expression. The face images were pre-processed using graphics software (Adobe Photoshop®) to ensure they had equal eyeto-eye distance and that a vertical line passing through the midline of the face was equidistant from the right and left sides of the image. All images were then sized to 400 by 400 pixels and processed to approximately equate mean luminance. Ten images of familiar faces, 40 images of unfamiliar faces and 40 images of flowers were used in the experiment. See Figure 1 for typical face and non-face images. The images were presented on a computer monitor in front of a grey background and subtended approximately 6 by 6 degrees of the visual angle. All stimuli were presented for 300 ms at the centre of the screen and separated by an interstimulus interval of 700 ms. The experiment was run on a PC using software written in Matlab and extensions from the Psychophysics Toolbox [16] .
c) Procedure
Participants were instructed to maintain central eye fixation during the trials and respond as quickly as possible by pressing the spacebar if an image was the same as the one immediately preceding it. This task was to ensure that the subjects attended to the stimuli. The experiment consisted of 1440 trials, four blocks of 360 trials each. Each block lasted approximately six minutes and subjects were given a brief rest period between every block. Familiar and unfamiliar faces, and flowers were presented in random order, with repetitions occurring on 8% of trials.
d) Recording and Data Analysis
Continuous EEG was recorded from the following electrode sites: Cz, T5, O1, T6, and O2 (according to the 10-20 system [17] ). EEG was measured relative to a reference electrode positioned on the right ear lobe. Skin-Electrode junction impedances were kept as much as possible below 5kΩ. The EEG signals were amplified using Grass-Telefactor P511 AC amplifiers and bandpass filtered from 0.01 to 100Hz. The EEG signals were then digitized at 500Hz using a 16-bit ADC. The signals were further filtered offline using a lowpass filter with a cutoff of 40Hz and epoched into periods of 750 ms, starting at the onset of each stimulus. Trials with artifacts such as eye blinks or EMG were rejected using an amplitude criterion of + 60 µV. Trials in which the subject responded with a key press were also excluded from further EEG analysis. The EEG epochs were sorted according to stimulus condition and averaged for each subject to compute the ERPs.
IV RESULTS
The ERPs measured while subjects attended to both familiar and unfamiliar faces showed the characteristic early positive (P110) and negative (N170) peaks at both occipital and temporal sites. Figure 2 shows the grand averaged ERPs for unfamiliar faces and non-faces at O1 where the N170 amplitude is significantly greater for faces than nonfaces. This difference in amplitude for faces and nonfaces is repeated at temporal sites, and here the N170 is more marked over the right (T6) than the left (T5) hemisphere (see Figure 3) . The later parts of the ERP waveforms (250-500ms) are more positive for nonfaces than faces at occipital and temporal sites, as can be seen in Figure 2 for O1. At Cz, the grand averaged ERPs for faces and non-faces show a positive peak between 150 and 200ms, which responds preferentially although not exclusively to faces. While the early components of the ERPs did not differ between unfamiliar and familiar other faces, the ERPs to familiar faces showed a greater negativity at later time periods (beginning around 330ms) at both occipital and temporal sites. Figure 4 shows the grand averaged ERPs for familiar other and unfamiliar faces at O1. Finally, a comparison of the ERPs to familiar others and to one's own face at Cz (see Figure 5) showed an increased negativity to familiar others around 330-480ms switching to an increased positivity near 500ms.
V DISCUSSION
The aim of this study was to investigate the ERP correlates of human face perception and recognition, and specifically to ask whether the proposed stages in the processing of faces are reflected by face-specific ERP modulations. Although analyses are not yet complete, a preliminary account of our data suggests a replication of previous findings and new results.
First, the early part of the ERPs includes an initial positive component at both occipital and temporal sites. As in Eimer [8] we find that this component differs in amplitude at occipital but not at temporal sites, suggesting that it is a general perceptual rather than a face specific component. Secondly, in keeping with a number of previous studies, we find a distinct N170 component at both occipital and temporal sites, which is significantly greater for faces than non-faces. It is more pronounced over the right hemisphere than the left hemisphere at temporal sites, which is consistent with the known dominance of the right brain in face processing. Thirdly, as face familiarity (subjects' own faces or their friends' faces) had no effect whatsoever on this face-specific N170 component, we conclude that it reflects the structural encoding of faces prior to recognition.
Differences between the ERPs elicited by familiar and unfamiliar faces were found at longer latencies at occipital and temporal sites (the grand averaged waveforms starting to diverge by ~250ms) and are likely to indicate processes involved in the recognition and identification of faces. Based on the Bruce and Young model [9] , these effects likely reflect the activation of stored representations of familiar faces in semantic memory. Although our subjects were monitoring a sequence of images for repetitions rather than engaging in an explicit recognition task, the fact that differences in the ERPs to familiar and unfamiliar faces occurs later rather than earlier is consistent with recent findings [18] & [19] that object recognition in natural scenes occurs later than previously reported.
Finally, no significant differences were found between the ERPs to one's own face and familiar others at occipital and temporal sites but an increased negativity to familiar others between 330-480ms changing to an increased positivity near 500ms was found at Cz. This is a pattern previously reported to distinguish the processing of familiar and unfamiliar faces [8] .
VI CONCLUSION
This study has provided evidence of an early structural encoding stage and a later face recognition stage in the process of face identification and recognition. To our knowledge, no other ERP studies have investigated if there are any differences in the ERP modulations for processing of one's own face compared to familiar others. Further data is needed from more central and frontal sites to draw any definite conclusions. This data acquisition is currently in progress. 
